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SUMMARY 


The  study  was  undertaken  to  continue  investigations  on  the  epidemiology 
of  spotted  fever  in  Israel  and  the  serological  and  biological  properties  of 
locally  isolated  strains.  Furthermore,  it  was  undertaken  to  continue  the  de- 
velopment of  the  reverse  passive  hemagglutination  technique  as  a new  serolo- 
gical method  for  the  diagnosis  of  rickettsial  infections. 

Sera  from  siispected  cases  of  ricketts loses  were  tested  by  fluorescent 
antibody  and  complement  fixation.  The  former  method  revealed  more  cases  of 
past  and  present  infection  than  the  latter. 

Follow-up  bleedings  from  cases  of  murine  typhus  and  spotted  fever  in- 
dicated that  IgM  antibodies  against  rickettsiae  ir'^y  persist  at  low  levels 
for  six  months  or  longer. 

Hiiman  sera  were  foimd  to  contain  a non-antibody  inhibitor  of  reverse 
passive  hemagglutination.  However,  immune  sera  could  be  titrated  by  measur- 
ing the  difference  in  agglutinating  titer  of  antigen  diluted  in  constant 
concentrations  of  the  immune  serum  and  of  normal  serinn. 

Reverse  passive  hemagglutination  can  be  used  to  differentiate  between 
epidemic  and  murine  typhus  rickettsiae. 

A strain  of  spotted  fever  was  isolated  from  the  blood  of  a child  Just 
before  death  with  disseminated  intravascular  coagulation.  The  strain  was 
found  to  be  antigenlcally  similar  to  five  of  the  six  previously  Isolated  in 
Israel . 
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BACKGROUND 


The  first  description  of  human  infections  with  rickettsiae  of  the  spot- 
ted fever  group  in  Israel  was  published  in  l9*+9  (l)-  At  that  time,  and  dur- 
ing the  following  two  decades  the  disease  was  thought  to  be  confined  to  a 
few  definitely  defined  endemic  foci  in  the  coastal  area.  However,  investiga- 
tions started  by  this  laboratory  in  1971  revealed  that  human  cases  of  infec- 
tion occurred  throughout  the  country  and  the  incidence  of  disease  was  higher 
than  it  was  previously  thought  to  be. 

During  the  course  of  these  studies  six  strains  of  spotted  fever  ricket- 
tsiae were  isolated,  five  of  which  were  antigenically  similar  and  one  which 
differed  from  the  others.  All  six  strains  were  found  to  differ  antigenically 
from  the  taxonomicaliy  defined  strains  available  in  this  laboratory. 

Sera  from  suspected  cases  of  ri ckettsioses  and  from  causes  diagnosed  as 
pyrexias  of  unknown  origin  were  tested  by  fluorescent  antibody  and  comple- 
ment fixation.  The  former  method  revealed  more  cases  of  past  and  present  in- 
fections than  did  complement  fixation  and  revealed  current  rickettsioses 
among  the  previously  undiagnosed  cases. 

Methods  were  developed  for  performing  reverse  passive  hemagglutination 
(RPH)  and  reverse  passive  hemagglutination  inhibition  (RPHI)  tests  for  the 
detection  and  titration  of  antibodies  to  rickettsiae  in  immune  and  convales- 
cent sera.  These  preliminary  studies  showed  that  the  new  methods  had  some 
advetntages  as  well  as  disadvantages  when  compared  with  other  methods  avai- 
lable for  similar  purposes. 


The  aim  of  the  study 

The  present  study  was  undertaken  in  March  1975  with  the  aim  to  continue 
studies  on  the  epidemiology  of  spotted  fever  in  Israel  and  the  serological 
,'ind  biological  properties  of  the  strains  of  spotted  fever  isolated  during 
tne  period  of  this  grant  and  of  previous  contracts. 

Tlie  scope  of  work  during  period  of  this  grant  was  defined  as  follows; 

1)  Continued  development  of  the  reverse  passive  hemagglutination  tech- 
nique in  the  direction  of  a new  serological  method  for  diagnosis  of 
rickettsial  infections. 

2)  Serologic  diagnosis  of  susj)ected  rickettsioses  in  humans,  using  va- 
rious serologic  techniques  and  comparison  of  the  results. 


3)  Attempts  at  the  isolation  of  new  strains  of  spotted  fever  ricket- 
tsiae  and  their  characterization  by  comparison  with  taxonomically 
known  strains  and  with  other  strains  already  isolated  locally. 

U)  Continued  efforts  to  use  gas  chromatography  for  identification  of 
rickettsiae  and  early  diagnosis  of  infection. 


MATERIAU;  AND  METHODS 


Diagnostic  Serology 

Except  as  otherwise  indicated,  the  materials  and  procedures  for  collect 
ing  and  handling  specimens,  rickettsial  strains,  propagation  of  rickettsiae, 
preparation  of  antigens,  antisera,  fluorescent  antibody  (FA)  methods,  comp- 
lement fixation  (CF)  techniques,  reverse  passive  hemagglutination  (RPH)  and 
reverse  passive  hemagglutination  inhibition  (RPHI)  procedures,  etc.  were  as 
previously  described  (2-5). 

As  in  previous  years,  bloods  or  sera  from  human  cases  of  suspected  ric- 
kettsioses  were  received  from  hospitals  serving  various  areas  from  the  Upper 
Galilee  in  the  North  to  the  Negev,  the  South  of  Israel.  In  addition,  samples 
were  submitted  to  us  frcan  the  A.  Felix  Public  Health  Laboratory  of  the  Minis 
try  of  Health  as  well  as  from  District  Health  Offices  of  the  Ministry  of 
Health  in  Hadera,  Netanya,  Ashdod,  Rehovot  and  Beersheba. 

All  sera  were  tested  by  CF  against  soluble  group  specific  spotted  fever 
and  typhus  antigens  by  the  standard  LBCF  method  and  by  FA  against  spotted  fe 
ver  (SF)  and  murine  typhus  (MT)  rickettsiae.  In  the  FA  tests,  staining  was 
carried  out  with  anti-human  globulins  conjugate  as  well  as  specific  anti- 
human IgM  globulins  in  duplicate  smears.  When  cross  reactions  appeared,  i.e. 
staining  was  positive  for  both  SF  and  the  methods  and  criteria  used  for 
determining  the  etiologic  agent  of  infection  were  as  described  in  a previous 
report  ( *< ) • 

Some  difficulties  were  encountered  with  some  of  the  fluorescent  conju- 
gates used  in  this  laboratory.  Some  lots  of  anti-human  immunoglobulins  gave 
weakly  positive  reactions  in  the  staining  of  SF  in  controls  following  the 
use  of  human  negative  sera  or  saline.  It  was  found  that  this  could  be  pre- 
vented by  diluting  the  anti-human  conjugate  in  soluble  group  specific  SF 
antigen  such  as  used  in  the  CF  test. 

In  testing  for  specific  IgM  antibodies  in  acute  phase  sera  of  suspected 
rickettsioses  , it  was  found  that  certain  lots  of  anti-IgM  fluorescein  conju- 
gates obtained  commercially  did  not  give  satisfactory  results. 


It  wai;  therefore  decided  to  use  a three  layer  method  such  as  described  in 
an  earlier  report  (3)- 

Following  the  serum  to  be  tested,  rabbit  anti-human  IgM  serum,  approp- 
riately diluted  (1:100  - 1:200)  was  layered  on  the  slide  and  this  was  fol- 
lowed by  fluorescein  labelled  caprine  anti-rabbit  globulin.  The  rabbit  anti- 
human IgM  serum  obtained  commercially,  was  found  to  react  sliglitly  with  human 
IgG.  In  order  to  prevent  staining  as  a result  of  this  unwanted  reaction,  the 
anti-IgM  serum  was  diluted  before  use  in  a 1%  solution  of  human  purified  igG. 
The  caprine  anti -rabbit  globulin  conjugate  also  showed  some  reaction  with  hu- 
man immuno-globulins  and  was  diluted  before  use  in  a solution  of  pooled 
human  Immunoglobulin  in  order  to  prevent  "non  specific"  staining. 


Column  chromatography 

Two  types  of  columns  were  used  in  this  work:  brushite  (6)  and  cellulosic. 
Brushite  was  prepared  by  allowing  equal  volumes  of  0.5  M Na^HPO^  and  0.5  M 
CaClg  to  drip  slowly  into  a container  with  continuous  mixing.  The  precipi- 
tate^which  formed  was  washed  four  times  in  four  volumes  of  distilled  water 
and  finally  suspended  in  0.001  M phosphate  buffer  at  pH  7-2.  This  supension 
of  brushite  could  be  stored  in  the  cold  up  to  approximately  10  days,  after 
which  it  was  necessary  to  prepare  fresh. 

DEAE  (diethylaminoethyl)  cellulose  and  CM  (carboxymethyl)  cellulose  were 
obtained  commercially  (Whatman  DEll,  CMll)  and  the  columns  were  prepared  as 
described  elsewhere  (7). 


Serological  Survey 

For  purpose  of  the  serological  survey  two  areas  were  selected:  Nazareth 
in  the  Northern  area  of  Israel  and  Naan,  a Kibbutz  a few  miles  South  of  Re- 
hovot.  Ninety-one  sera  were  taken  from  inhabitants  of  Nazareth  and  its  sur- 
roundings and  sent  to  this  laboratory  by  the  District  Health  Office.  In  Naan 
83  bloods  taken  from  79  individuals  were  submitted  for  testing. 


Environmental  Survey 

One  hundred  and  two  rats  (R.  norvegicus  and  R.  rattus)  were  trapped  and 
Died  in  the  course  of  investigations  on  leptospirosis  in  Israel.  Samples  of 
these  blooda  were  submitted  to  this  laboratory  for  testing  for  antibodies  to 
Mf  and  SF. 
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RESULTS 


Serological  data  on  suspected  rickettsioses  in  humgns 


The  serological  results  of  FA  and  CF  tests  are  presented  in  Table  1. 

The  total  number  of  bloods  or  sera  received  in  this  laboratory  from  February 
1975  - December  1976  was  685  from  552  cases  of  suspected  rickettsioses,  26h 
of  which  occurred  during  1975  and  288  during  1976. 

The  sera  were  tested  by  both  FA  and  CF  using  antigens  derived  from  ric- 
kettsiae  of  the  spotted  fever  group  and  from  rickettsiae  of  murine  typhus. 

In  the  table  are  listed  all  the  sera  from  those  cases  of  which  one  or  more 
sera  gave  positive  results  in  the  CF  and/or  FA  tests.  Under  the  heading  of 
"town"  are  listed  the  cities  or  settlements  in  which  the  corresponding  indi- 
vidual had  his  permanent  home,  when  such  information  was  available.  In  those 
cases  in  which  the  habitation  was  unknown,  the  referring  hospital  or  clinic 
is  given. 

Diagnosis  of  current  infection  on  the  basis  of  the  CF  test  was  made  on 
the  appearance  of  a four-fold  or  greater  rise  in  titer  in  sequential  bleed- 
ings. In  the  case  of  the  FA  test,  more  than  minimal  staining  of  specific 
IgM  was  used  as  an  indicator  of  current  infection  when  no  increase  of  titer 
was  noted  or  only  one  blood  was  obtained  from  the  patient. 

In  some  cases  of  serological  crossing  it  was  not  possible  to  differen- 
tiate between  spotted  fever  or  murine  typhus  infection  on  the  basis  of  bright- 
ness of  staining.  Frequently  however,  in  such  cases,  the  complement  fixation 
test  showed  far  less  cross  reaction  and  it  was  therefore  possible  to  make  a 
differential  diagnosis  on  the  basis  of  the  two  tests. 

A summary  of  the  results  shown  in  Table  1 is  presented  in  Table  2.  In 
this  table  it  can  be  seen  that  of  a total  of  685  sera  fran  552  individuals, 

372  sera  from  293  cases  showed  the  presence  of  antibodies  to  WT  and/or  SF 
according  to  the  FA  test.  Of  six  hundred  fifty-nine  sera  from  523  cases  test- 
ed by  CF,  25^  sera  from  219  cases  were  positive  for  NfT  and/or  SF.  As  in  pre- 
vious years  many  more  positive  for  spotted  fever  were  found  using  immuno- 
fluorescence than  using  CF  tests,  and  more  sera  showed  cross  reaction  bet- 
ween MI'  and  SF  by  FA  than  by  CF. 

Tlie  FA  test  permitted  serological  diagnosis  of  current  infection  with 
SF  in  223  individuals  and  with  MT  in  I49,  whereas  only  66  cases  of  SF  and  8 
of  MT  could  be  diagnosed  by  CF  as  current  infection.  The  difference  between 
the  total  number  of  current  infections  diagnosed  by  the  two  methods  was  part- 
ly due  to  the  fact  that  in  only  138  cases  out  of  the  552  were  two  or  more 
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bloods  received  from  the  sjime  individual.  In  these  138  cases,  CF  showed  a 
significant  rise  in  titer  for  SF  in  73  cases  and  for  NTT  in  8,  whereas  in  the 
same  sera  FA  indicated  current  infection  with  8F,  based  on  IgM  staining,  in 
117  case 5 and  with  fTT  in  9 cases. 

A further  comparison  of  the  results  using  the  two  types  of  test  is  sum- 
marized in  Table  3.  In  this  table  are  included  all  the  sera  of  the  suspected 
cases  of  rickettsioses  which  were  tested  by  both  methods , excluding  those 
which  showed  anti -complementary  activity.  In  this  table  it  can  be  seen  that 
in  tests  for  SF,  the  immunofluorescence  methods  picked  up  many  more  positives 
than  did  the  CF  tests  - 3^1  as  compared  to  210.  However,  the  CF  test  also 
picked  up  positives  missed  by  FA. 

In  the  case  of  the  murine  typhus  sera,  the  overall  agreement  in  the  re- 
sults of  the  two  tests  was  better  than  in  the  case  of  SF,  but  here  too,  each 
method  picked  up  positives  missed  by  the  other.  However,  neither  method 
showed  any  advantage  over  the  other,  each  revealing  an  approximately  equal 
number  of  positives  missed  by  the  other  test. 

During  the  course  of  this  work,  the  question  arose  as  to  what  extent 
could  the  presence  of  specific  Igli  be  considered  as  proof  of  current  infec- 
tion with  the  corresponding  rickettsiae.  Efforts  were  therefore  made  to  ob- 
tain bloods  from  known  cases  of  rickettsioses  at  times  of  up  to  six  months 
or  longer  after  the  primary  infection.  These  bloods  were  tested  by  FA  for  the 
continuing  presence  - or  disappearance  of  specific  IgM.  The  results  are  pre- 
sented in  Table  *4.  Here  it  may  be  seen  that  in  three  out  of  four  bleedings 
taken  up  to  17  weeks  following  the  first  bleeding  or  onset  of  disease,  speci- 
fic IgM  staining  was  still  relatively  strong.  In  the  six  bloods  collected 
during  periods  ranging  from  l8  to  27  weeks  after  the  first  bleeding, one 
blood  still  showed  the  presence  of  small  amounts  of  specific  IgM. 


Isolation  of  Spotted  Fever  Rickettsiae 

During  the  period  of  this  report  a fatal  case  of  spotted  fever  occurred 
in  a child  in  the  town  of  Kfar-Gaba,  about  five  miles  North  of  Tel-Aviv.  On 
September  29,  1975,  this  child  and  her  sister  became  ill  and  both  children 
were  hospitalized  on  October  2nd.  On  the  next  day,  one  of  the  children  ex- 
pired with  disseminated  intravascular  coagulation.  Just  before  death,  some 
blood  was  taxen  and  sent  to  this  laboratory  for  isolation  of  rickettsiae. 

One  ml.  of  plasma  was  injected  intraperitoneally  into  each  of  two  adult 
male  guinea  pigs.  After  72  hours  both  animals  showed  ^ever  and  orchitis.  One 
'inimol  was  sacrificed  and  a 50/J  suspension  was  made  of  the  blood,  testes  and 
spleen  in  sucrose  phosphate  (8).  Aliquots  of  this  material  were  injected  into 
the  yolk  sacs  of  5 day  embryonate  hen  eggs.  The  eml)ryos  died  on  the  6th  - 
7th  day  following  inoculation.  Smears  were  prepared  from  the  yolk  sacs  and  FA 
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staining  showed  the  presence  of  spotted  fever  group  rickettsiae.  The  above 
isolate  was  labelled  2607  and  was  tested  for  antigenic  similarity  to  the 
other  strains  previously  isolated  locally  using  FA  methods  described  in  a 
previous  report  (2).  Strain  2607  proved  to  be  antigeni cally  similar  to  five 
of  the  six  strains  isolated  previously  G-212,  T-l62,  T-193,  T-hQ'J) 

(2-M. 


Environmental  Survey 

During  the  period  of  this  report  102  rats  (R.  norvegicus  and  R.  rattus) 
were  captured  and  bled.  The  sera  were  tested  by  FA  only.  Twenty  rats  were 
found  positive  for  SF  and  seven  for  MT.  The  rats  found  positive  for  spotted 
fever  were  collected  in  the  following  regions:  Ashdod  (5  positive/12),  Bei- 
shan  valley  (1/25),  Sharon  district  (8/^l)  and  Nazareth  i6/2k).  The  seven 
rats  positive  for  murine  typhus  were  all  captured  in  Nazareth,  and  thus  13 
out  of  the  2I4  rats  collected  in  this  area  showed  evidence  of  rickettsial  in- 
fection . 

The  overall  rate  of  infection  of  the  rats  captured  of  the  two  species, 
was  higher  than  in  previous  years  (2-U)  and  reached  approximately  20%. 


Some  clinical  and  epidemiological  observations  on  spotted  fever  which  oc- 
curred in  1973-1976. 


The  onset  of  disease  by  month  in  the  223  cases  in  which  the  diagnosis 
of  spotted  fever  was  confirmed  in  our  laboratory  is  presented  in  Table  5- 
In  1975  no  cases  were  found  until  April.  Fran  April  through  August  the  in- 
cidence by  month  remained  fairly  constant.  In  September  there  was  a sharp 
rise  in  the  number  of  cases  which  then  decreased  to  the  usual  level  of  a few 
isolated  cases  in  December.  In  1976  the  picture  was  somewhat  different;  there 
was  no  sharp  peak  in  the  number  of  cases,  a rise  in  incidence  began  in  June, 
continued  through  August  and  then  fell  off  gradually  through  October  ending 
with  a sharp  drop  with  the  onset  of  colder  weather. 

The  distribution  of  cases  by  sex  and  geographical  area  are  presented  in 
Table  6.  .Approximately  U0%  of  the  cases  appeared  in  the  Sharon  area(Hadera, 
Hetanya)and  an  equal  number  south  of  the  Sharon.  This  indicates  a definite 
rise  in  the  proportion  of  the  cases  appearing  in  the  southern  part  of  the 
country  especially  in  the  vicinity  of  Beersheba. 

In  279  cases  of  spotted  fever  infections  of  which  123  were  laboratory 
confirmed,  additional  epidemiological  and  clinical  investigations  were  car- 
ried out.  Tiie  results  of  these  investigations  are  summarized  in  Table  7-13. 
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The  overall  distribution  of  cases  by  sex(M/F)was  1.5  as  compared  with 
1.6  in  19Ti*  (5),  1.3  in  1973  (*+)  and  2.4  in  1972  (5).  As  in  previous  years, 

the  highest  M/F  ratio  was  in  the  5-l4  age  group  (2:1)  as  may  be  seen  in 

Table  J.  Here  it  may  also  be  seen  that  11%  of  the  cases  appeared  in  the 
0-l4  age  group  with  the  majority  of  these  cases  appearing  in  ages  5-1**. 
Forty-five  (l6?)  of  the  cases  appeared  in  the  15-45  age  group  and  33  (12^) 
in  patients  over  45  years  old. 

In  90%  of  the  cases  (249  out  of  279)  animals  were  known  to  be  in  the 
environs  prior  to  onset  of  disease.  Information  concerning  the  animal  spe- 
cies and  numbers  in  the  environment  is  given  in  Table  8(a)  and  8(b).  In  the 
majority  of  the  cases  (10%)  dogs  were  present,  and  cats  were  present  in  the 
environs  of  about  one-half  the  cases  (92%).  In  over  60%  of  the  cases,  two  or 
more  animals  were  to  be  found  in  the  surroundings.  In  Table  9 are  presented 

the  data  obtained  concerning  the  type  of  contact  of  the  279  cases  of  spot- 

ted fever  with  animals. 

Information  concerning  the  maximal  temperatures,  distribution  and  types 
of  rash,  as  well  as  some  other  clinical  signs  reported  among  the  279  select- 
ed cases  of  spotted  fever  are  summarized  in  Tables  10-13. 


oerological  Survey 

During  197**  a case  of  laboratory-confirmed  spotted  fei'er  occurring  in 
Nazareth  was  brought  to  our  attention  in  view  of  the  fact  that  the  attending 
physician  described  the  case  as  "classical  Boutonneuse  fever"  including  the 
primary  lesion  or  eschar.  Unfortunately  we  learned  of  the  case  too  late  to 
m.'ike  attempts  at  isolation  of  the  infecting  organism.  As  this  was  the  first 
case  of  spotted  fever  in  Nazareth  from  which  serum  was  sent  to  our  laborato- 
ry  , the  aid  of  the  District  Health  Office  was  sought  in  order  to  carry  out 
a sero-epidemiologic  survey  of  human  rickettsial  infections  in  Nazareth. 

The  District  Office  agreed  to  cooperate  and  submitted  91  sera  from  Nazareth 
!ind  its  surroundings.  The  sera  were  tested  by  FA  and  CF  tests.  The  results 
are  shown  in  Table  l4. 

An  additional  sero-epidemiologic  survey  was  carried  out  in  Kibbutz  Naan, 
a communal  settlement  a few  miles  south  of  Rehovot.  In  this  settlement,  dur- 
ing the  past  few  years,  a high  number  of  undiagnosed  mild  febrile  illness 
has  occurred.  The  results  of  this  survey  are  also  included  in  Table  l4. 

As  in  previous  surveys,  FA  revealed  many  more  positives  for  spotted  fe- 
ver thaji  did  the  CF  test.  Nazareth  proved  to  be  an  endemic  area  for  spotted 
fever  showing  a 29%  rate  of  infection,  whereas  Naan  seemed  to  be  an  hyper- 
endemic urea  with  64.5$  of  the  individuals  tested  showing  signs  of  previous 
infe ction . 
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Reverse  Passive  Hemagglutination  (RI'H)  and  Reverse  Passive  Hemagglutination 

Inhibition  (RPHI) 

A.  Improvements  in  conditions  for  Rl'H  and  RI^Hl 

1)  Preparation  of  erythrocytes  for  conjugation:  The  method  used  for 
fixing  the  erythrocytes  with  giutar aldehyde  was  described  in  an 
earlier  geport  (5)-  However,  it  was  found  that  on  prolonged  stor- 
age at  C the  glutaruldehyde  fixed  cells  darkened  and  eventually 
become  unsuitable  for  conjugation  with  antibody  globulins.  This  de- 
terioration in  the  propjerties  of  the  fixed  RBC  could  be  prevented 
by  storage  in  the  deep  freezer.  AHer  testing  several  possibilities 
it  was  found  that  optimal  results  were  obtained  when  the  sus- 
pension of  glutaraldehyde  fixed  RBC  in  0.005  M NaCl  was  stored 
first  at  C for  3-*+  days  then  transferred  to  -T0°C  and  stored 
frozen  until  used.  When  thawed  the  RBC  suspension  showed  clumping 
but  the  aggregates  were  ea::ily  dispersed  by  sonication  for  about  10 
seconds  without  signs  of  hemolysis. 

2)  Storage  of  conjugated  erythrocytes:  Following  conjugation  of  RBC, 
with  antibody  globulins  the  conjugates  were  frozen  and  stored  at 
-T0°C.  On  til  awing  it  was  necessary  to  sonicate  the  suspensions  to 
break  up  clumps  before  carrying  out  RPH  or  RPHI  tests.  It  was  found 
that  the  addition  of  5/f  glycerine  to  the  PBS-bovine  albumin  solu- 
tion in  which  the  conjugated  RBC  were  suspended  would  prevent  the 
formation  of  such  aggregates  and  the  need  for  sonication  after  thaw- 
ing. Such  suspensions  could  be  frozen  and  thawed  several  times  with 
no  signs  of  clumping  or  change  in  agglut inability  in  the  presence 

of  the  corresponding  antigen. 

3)  Preparation  of  sera  for  the  RPHI  test:  Most  sera  used  in  the  RPHI 
test  were  foi;nd  to  contain  agglutinins  either  against  the  chicken 
RBC  or  the  globulin  used  in  the  preparation  of  the  conjugated  eryth- 
rocytes or  both.  It  was  found  tiiat  acetone  precipitated  liver-tis- 
sue powders  prepared  similarly  to  tiiose  prepared  for  the  absorption 
of  fluorescein  labelled  antisera  (9)  could  be  used  to  remove  these 
agglutinins.  Thus  chicken-liver  powder  could  be  used  to  remove  ag- 
glutinins against  the  chicken  erythrocytes  and  rabbit  liver  powder 
to  remove  the  antibodies  against  the  rabbit  globulin  moiety  of  the 
conjugated  erythrocytes. 

Tissue  powders  were  stored  in  the  deep  freezer  and  retained  their 
activity  even  after  storage  of  over  two  yeeirs . 

One  tenth  ml.  serum  was  diluted  1:^*  in  saline  and  absorbed  with 
UO  rag  tissue  powder  for  1-2  hours  at  room  temperature.  Following 
centrifugation  the  supernatant  fluid  was  removed  and  used. 
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The  same  treatment  described  above  was  used  for  globulins  which 
were  to  be  conjugated  to  chicken  erythrocytes.  When  such  globulins 
contained  agglutinins  against  chick  BBC  the  conjugates  would  show 
non  specific  agglutination  and  it  was  therefore  necessary  to  absorb 
the  globulins  either  with  chicken  liver  powder  or  chicken  erythro- 
cytes to  remove  all  anti-chicken  antibodies. 

U)  Diluents  for  the  RPH  and  RPHI  tests:  In  earlier  work,  phosphate 
buffered  saline  containing  1^  bovine  serum  albumin  was  used  as  a 
diluent  for  RPH  and  RPHI  tests.  In  some  microtiter  plates  however, 
the  coated  RBC  did  not  settle  clearly  in  the  negative  controls,  mak- 
ing difficult  the  determination  of  end  points  in  antigen  or  anti- 
body titrations.  It  was  thouglit  that  changes  in  the  diluent  used 
might  improve  the  test  and  after  testing  several  variations,  the 
diluent  which  gave  the  best  results  was  found  to  be:  physiological 
saline  with  the  addition  of  255  dextrose,  2%  normal  rabbit  serum  and 
0.0855  sodium  azide  as  a preservative.  Some  batches  of  normal  rabbit 
sera  were  found  to  contain  agglutinins  against  chicken  RBC.  These 
sera  were  absorbed  using  one  volume  of  5055  chicken  RBC  suspension 
per  volume  normal  rabbit  serum  or  100  mg  chicken  liver  powder/ml 
rabbit  serum.  The  normal  sera  were  frozen  in  small  aliquots  so 
that  any  one  aliquot  of  serum  was  frozen  and  thawed  once  only'  be- 
fore use.  The  diluent  could  be  stored  at  C for  several  weeks  with- 
out deterioration. 

5)  The  RPHI  test:  In  carrying  out  RPHI  tests  the  period  of  incubation 
of  antiserum-antigen  mixtures  was  shortened  to  one  hour  at  37  C in- 
stead of  overnight  in  the  refrigerator  as  described  earlier  (5)  be- 
fore adding  conjugated  RBC.  This  was  found  to  give  more  reproducible 
results  and  did  not  result  in  any  loss  in  the  sensitivity  of  the 
test . 


Results  of  RPHI  tests 


RPHI  tests  were  carried  out  with  2h  human  sera  which  had  previously 
been  shown  to  be  positive  for  murine  typhus  by  CF  and/or  FA  tests  and 
ten  humaji  known  negative  sera.  All  known  negative  sera  were  negative 
by  RPHI  at  a dilution  of  1:8,  the  lowest  dilution  used  in  the  test. 

A-11  the  sera  which  were  positive  by  FA  were  cl  ,0  positive  by  RPHI, 
including  three  which  were  negative  by  CF.  It  was  therefore  concluded 
that  a RI'HI  titer  of  1:8  in  tests  for  murine  typhus  should  be  considered 
as  pos  i t i ve . 

In  the  case  of  RI'HI  tests  for  spotted  fever,  it  was  reported  earlier 
(5)  that  known  human  negative  sera  gave  positive  titers  ranging  from 


I:l6  - 1:6U.  Later  work  however  has  shown  that  if  care  were  taken  to 
use  a full  four  to  eight  hemagglutinating  units  of  antigen,  the  known 
sera  did  not  give  titers  of  over  l:l6.  Tiierefore  titers  of  1:32  were 
considered  as  positive  and  l:l6  or  less  was  considered  to  be  negative. 

RPHI  tests  were  performed  on  paired  sera  from  25  cases  of  spotted  fever 
infections  which  had  been  found  positive  by  CF  and/or  FA.  In  13  cases 
a rise  in  titer  was  detected  by  all  three  tests.  In  nine  cases  the  FA 
and  RPHI  tests  were  positive,  whereas  the  CF  test  was  negative.  In  se- 
ven of  these  cases  both  FA  and  RPHI  detected  rises  in  titer.  In  one 
case  a rise  in  titer  was  detected  by  RPHI  6ind  CF  but  not  by  FA  and  in 
two  cases  antibodies  were  detected  in  all  three  tests , but  no  rise  in 
titer  was  found  in  any  test. 

Two  hundred  thirty-one  of  the  sera  submitted  to  us  from  cases  of  sus- 
pected rickettsioses  were  tested  by  RPHI,  using  murine  typhus  and  spot- 
ted fever  soluble  antigens,  in  addition  to  the  usual  CF  and  FA  tests. 

Of  the  231  sera,  30  were  positive  by  CF  for  murine  typhus,  1*9  by  FA, 
and  58  by  RPHI.  Eighty-six  were  positive  by  CF  for  spotted  fever,  205 
by  FA  and  157  by  RPHI. 


A partial  analysis  of  these  results  is  shown  in  Table  15.  In  the  case 
of  tests  for  murine  typhus , RPHI  and  FA  each  gave  negative  results  with  ma- 
ny sera  which  were  positive  according  to  the  other  test.  Thus,  the  RPHI  test 
was  negative  in  h0%  of  the  FA  positive  sera  and  the  FA  test  was  negative  in 
approximately  50/S  of  the  RPHI  positive  sera.  In  tests  for  spotted  fever,  the 
RPHI  and  FA  tests  were  in  better  agreement.  The  FA  test  picked  up  95?  of  the 
RPHI  positive  sera  and  RPHI  was  positive  in  73?  of  the  FA  positive  sera.  The 
overall  agreement  was  73?. 

In  view  of  the  discrepencies  noted  in  the  results  of  the  different 
tests,  it  was  decided  to  investigate  the  possiblity  that  they  were  due,  at 
least  in  part,  to  the  presence  in  sera  of  some  component  which  blocks  the 
reaction  between  the  rickettsial  antigens  and  the  conjugated  erythrocytes. 

To  test  for  this  component  ,lCenya  tick  typhus  soluble  antigen  was  titrated 
against  chicken  RBC  conjugated  with  rabbit  anti-Indian  tick  typhus  immuno- 
globulins, in  the  presence  of  various  dilutions  of  normal  human  serum.  This 
serum  was  obtained  from  a blood  bank  and  was  tested  before  use  for  the  ab- 
sence of  antibodies  to  rickettsiae  by  FA  and  CF  tests.  Hie  results  of  the 
block  titration  as  shown  in  Table  l6  indicate  that  the  antigen  titer  is 
strongly  influenced  by  the  concentration  of  serum  used  in  the  test.  Thus, 
there  was  at  least  a l6  fold  difference  in  antigen  titer  in  the  presence  of 
normal  serum  at  dilutions  1:^  - l:l6  eind  at  serum  dilution  1:128  - 1:256. 
This  might  explain  the  fact  that  sera  from  normal  individuals  were  found  to 
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give  positive  RPHI  titers  at  a l:l6  dilution,  since  four  hemagglutinating 
units  of  antigens  as  determined  in  a diluent  containing  2%  normal  rabbit  se- 
rum would  have  no  hemagglutinating  activity  in  a l:l6  dilution  of  normal  hu- 
man serum. 

In  order  to  eliminate  some  of  the  problems  which  arose  in  performing 
hemagglutination  inhibition  tests  by  varying  the  serum  dilution  and  keeping 
the  agglutinating  antigen  constant,  the  reverse  procedure  was  devised,  i.e., 
keeping  the  serum,  which  was  to  be  tested,  constant  and  varying  the  concent- 
ration of  antigen.  The  titer  of  a given  serum  could  then  be  expressed  as 
the  relative  amount  of  antigen  whose  hemagglutinating  activity  could  be 
blocked  by  a given  serum  concentration  as  compared  with  the  same  concent- 
ration of  normal  serum.  An  example  of  such  a test  is  presented  in  Table  IT. 
’•fiien  mixed  with  a 1:10  dilution  of  convalescent  serum  No.  2608,  Kenya  tick 
typlius  antigen  agglutinated  chicken  RBC  conjugated  with  rabbit  anti-Indian 
tick  typhus  immunoglobulins  at  an  antigen  dilution  of  1:8,  but  not  at  high- 
er dilutions.  The  same  antigen  mixed  with  1:10  normal  human  serum  agglutin- 
ated the  same  RBC  conjugate  up  to  a dilution  of  1:512.  Thus,  serum  No.  26o8 
reduced  the  antigen  titer  under  these  circumstances  GU  fold  or  by  six  two- 
fold dilution.  For  the  purposes  of  this  report  the  number  of  two- fold  dilu- 
tions, by  which  the  antigen  titer  is  reduced  in  a 1:10  serum  dilution,  will 
be  called  the  index  (RPHI  index)  of  the  serum,  in  this  case  six.  In  the  same 
Table,  the  effect  of  dilutions  of  the  serum  on  the  RPHI  index  is  presented. 
Dilution  of  the  serum  caused  a decrease  in  the  index  but  the  relationship 
was  not  one  to  one.  A 6^  fold  dilution  of  the  serum  brought  the  index  down 
from  six,  to  three. 

The  RPHI  index  method  was  tested  for  its  potential  usefulness  for  diag- 
nostic purposes  in  spotted  fever  eis  compared  with  FA  and  CF  tests.  For  this 
purpose  15  known  negative  Norwegian  sera  (**)  were  used,  as  well  as  33  single 
sera  and  32  paired  sera  from  l6  cases  of  suspected  rickettsioses . Results 
of  a few  selected  sera  are  illustrated  in  Table  l8. 

The  RPHI  indexes  of  the  Norwegian  sera  ranged  from  2 to  -2.  (A  nega- 
tive index  number  was  assigned  to  a serum  when  the  soluble  antigen  gave  a 
higher  titer  in  a 1:10  dilution  of  that  serum  than  in  a 1:10  dilution  of 
the  selected  standard  negative  serum) , and  therefore  any  serum  which  showed 
a RPHI  index  of  three  or  greater  was  considered  as  a positive  serum. 

The  overall  agreement  between  FA  and  the  RPHI  indexes  was  %■)%  and  each 
method  was  positive  in  86i{  of  the  sera  found  positive  by  the  other.  In  the 
single  sera,  the  RPHI  indexes  were  positive  in  l8  out  of  UH,  FA  in  15  and 
CF  in  12.  In  the  paired  sera,  FA  showed  a rise  in  titer  in  13  of  the  l6 
patients'  sera  as  did  the  RPHI  indexes,  whereas  CF  tests  showed  a rise  in 
titer  in  only  7 of  the  l6  patients.  Some  of  the  discrepancies  between  the 


FA  results  and  Etf’HI  indexes  were  eipparently  due  to  the  fact  that  some 
the  sera  were  from  cases  of  murine  typhus  and  the  FA  method  showed 
more  serological  crossing  between  WT  and  3F  than  did  RPHI  or  CF  tests. 

The  RPHI  index  method  was  also  tested  for  its  potential  usefulness 
for  diagnostic  purposes  in  murine  typhus  as  compeired  with  the  other 
tests.  A total  of  6j  sera,  some  taken  at  random  and  some  selected,  but 
all  derived  from  suspected  rickettsioses  were  used  in  this  experiment, 
in  addition  to  10  known  negative  Norwegian  sera.  The  serum  obtained 
from  a blood  bank,  which  served  as  the  standard  negative  serum  for  the 
determination  of  RPHI  indexes  for  spotted  fever  was  also  used  in  these 
tests  as  the  standard  negative  serum.  Ihe  RPHI  indexes  of  the  Norwegian 
sera  ranged  from  2 to  -1  and  therefore  any  RPHI  index  of  3 or  greater 
was  considered  as  positive.  Tiie  overall  agreement  here  was  far  better 
than  in  the  RPHI  tests  described  earlier  for  MT,  and  reached  91%  • 'nie 
RPHI  index  method  was  positive  in  all  those  sera  which  were  positive  by 
FA,  but  was  also  positive  in  6 sera  negative  by  FA.  In  three  of  these 
sera,  the  CF  test  was  also  positive. 


The  use  of  RPHI  for  the  differentiation  of  rickettsial  species 

Glutaraldehyde  fixed  chicken  RBC  conjugated  with  hyper- immunized  rab- 
bit anti-murine  and  anti-epidemic  typhus  immunoglobulins  were  tested 
against  soluble  and  somatic  antigens  of  both  epidemic  and  murine  ty- 
phus rickettsiae.  The  results  of  such  tests  are  presented  in  Table  19. 
The  anti  MT  conjugate  reacted  well  with  the  various  eintigens , whereas 
the  anti  ET  conjugate  reacted  well  only  with  ET  antigens.  In  only  two 
out  of  six  ET  antigens  did  the  anti  t-fT  conjugate  give  significantly  low- 
er titers  than  did  the  anti  ET  conjugate  with  the  same  antigens.  Thus, 
it  would  seem  that  the  two  conjugates  could  be  used  to  differentiate 
between  murine  and  epidemic  typhus  rickettsiae. 

In  view  of  the  results  described  above,  RPHI  tests  were  made  to  deter- 
mine whether  this  method  could  be  used  to  differentiate  between  murine 
and  epidemic  typhus  infections.  For  this  purpose  sera  were  used  from 
guinea  pigs  and  rabbits  which  had  been  infected  with  yolk  sac  suspen- 
sions of  viable  epidemic  and  murine  typhus  rickettsiae.  The  RPHI  me- 
thod used  was  as  described  earlier  (5).  e.g.,  determination  of  the  high- 
est dilution  of  serum  which  would  inhibit  agglutination  using  four 
hemagglutinating  units  of  antigen.  The  results  of  this  experiment  are 
shown  in  Table  20.  Here  the  sera  showed  considerable  degrees  of  speci- 
ficity but  in  reverse  manner  to  what  was  noted  using  conjugated  RBC 
against  antigen  preparations.  In  these  cases  the  epidemic  typhus  anti- 
sera failed  to  differentiate  between  murine  and  epidemic  typhus  anti- 


gens,  whereas  murine  typhus  antisera  showed  considerable  differences 
in  titer  af',ainst  the  antigens  derived  from  the  two  species. 

Experiments  similar  to  the  above  were  also  performed  using  glutaral- 
dehyde  fixed  chicken  RBC  conjugated  with  immunoglobulins  derived  from 
rabbits  liyperimrauni zed  against  R.  rickettsi,  R.  conori , R.  siberica 
and  several  local  isolates.  None  of  these  conjugates  differentiated 
satisfactorily  among  the  antigens  either  soluble  or  somatic  derived 
from  the  various  species  of  spotted  fever  rickettsiae.  As  it  was  thowjht 
that  these  antigens  might  be  mixtures  of  groups  specific  and  species 
specific  antigens,  attempts  were  made  to  separate  the  different  anti- 
gens with  the  aid  of  column  chromatography.  Calcium  phosphate  (brushite) 
columns  were  used  as  well  as  ion  excharge  columns  (DEAE  cellulose  and 
carboxymetfiyl  cellulose). 

Using  brushite  columns , several  spotted  fever  antigens  were  found  to  ad- 
sorb strongly  to  the  brushite  in  0.005  M NaH  POi^/K^HPOj^  pH  7-2  and  to 
elute  in  buffer  using  the  same  salts  and  pH  but  at  a concentration  of 
0.2  M.  Tlie  antigens  that  eluted  at  this  phosphate  concentration  were 
unchanged  in  specificity  and  the  RPH  and  RPHI  methods  did  not  differen- 
tiate well  ajnong  them. 

Using  the  ion  exchange  columns,  antigens  were  eluted  under  conditions 
of  constant  pH,  but  with  increasing  concentrations  of  NaCl.  When  the 
various  fractions  were  tested  using  RPH  for  determining  antigen  content, 
several  well  defined  peaks  were  noted.  However,  here  too,  no  differen- 
ces in  antigenic  specificity  were  found  in  the  eluted  material  as  com- 
pared with  the  antigens  before  being  chromatographed. 


DISCUSSION 


During  the  six  years  in  which  this  laiioratory  has  been  engaged  in  in- 
vestigations of  spotted  fever  in  Israel,  2,003  bloods  were  received  from 
1,579  cases  as  "sui^pected  ri cketts ioses" , i.e.,  the  clinical  diagnosis  was 
either  spotted  fever  or  murine  typhus.  Of  the  1,579  cases,  702  were  confirmed 
as  current  infections  with  rickettsiae,  501  spotted  fever  and  201  murine 
typhus.  Thus,  the  physicians  were  able  to  make  the  correct  diagnosis  on 
clriical  grounds  in  only  UU?  of  the  cases. 
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From  1972  to  1976,  the  number  od  cases  of  murine  typhus  diagnosed  by 
this  laboratory  decreased  from  70  in  1972  to  l8  in  1976.  Spotted  fever  in- 
fections, on  the  other  hand,  have  not  shown  any  tendency  to  decrease  in  num- 
ber, but  on  the  contrary  may  be  on  the  increase.  Sixty-eight  cases  were  diag 
nosed  as  current  spotted  fever  in  1972,  122  in  1973,  67  in  197*^,  123  in 
1975  and  99  in  1976. 

As  in  previous  years,  the  FA  test  proved  to  be  more  sensitive  in  pick- 
ing up  past  and  present  infections  with  rickettsiae.  Thus,  the  FA  test  per- 
mitted serological  diagnosis  of  current  infection  with  SF  in  223  cases  and 
with  WT  in  U9  , whereas  only  73  cases  of  SF  and  8 of  MT  could  be  diagnosed 
as  current  infections  using  the  CF  test.  Tiie  differences  in  the  results 
using  the  two  tests  were  partly  due  to  the  fact  that  in  only  138  out  of  the 
552  cases  of  svispected  rickettsioses  were  paired  sera  submitted  for  testing. 
Since  current  infection  can  be  diagnosed  using  the  CF  test  only  by  showing 
significant  changes  in  titer  in  sequential  bleedings,  only  paired  sera  are 
useful  for  this  purpose.  On  the  other  hand,  specific  Igli  is  known  to  appear 
as  the  result  of  primary  infection  and  then  tends  to  disappear  in  a relative 
ly  short  time  thereafter.  The  presence  of  IgM  is  therefore  indicative  of 
current  infection,  even  when  only  one  serum  sample  is  available.  However, 
as  was  shown  in  the  present  report,  low  levels  of  specific  IgM  can  be  de- 
tected 6 months  after  primary  infection.  Therefore  it  is  necessary  to  be 
cautious  in  making  a definite  diagnosis  of  current  infection  on  the  basis 
of  only  low  levels  of  specific  IgM. 

As  described  in  earlier  reports  (2-5),  spotted  fever  infections  showed 
a seasonal  pattern,  reaching  maximal  incidence  in  late  summer.  With  the  on- 
set of  cold  weather  in  November,  the  number  of  cases  drop  off  rather  sharp- 

ly- 


During  the  period  covered  by  this  report,  there  was  some  change  in 
the  geographical  distribution  of  spotted  fever  in  Israel.  The  proportion  of 
cases  in  the  Sharon  area  dropped  to  somewhat  less  than  h0%.  Of  the  remain- 
ing cases  approximately  66^  appeared  south  of  the  Sharon  area,  as  in  years 
previous  to  197^  when  6 85?  appeared  north  of  the  Sharon  (5). 

The  distribution  of  cases  by  sex  (M/F)  continued  to  be  greater  than 
unity,  especially  in  the  5-l*<  age  group  (M/F  = 2:1)  where  the  majority  of 
cases  occurred.  This  probably  was  due  to  the  closer  association  of  males 
of  this  age  group  with  pet  animals,  particularly,  dogs. 

The  close  association  of  cases  of  spotted  fever  with  household  ani- 
mals was  also  shown.  Out  of  279  cases  of  spotted  fever  infections,  123  of 
which  were  laboratory  confirmed,  2k9  were  known  to  have  contact  with  animals 
mostly  dogs,  and  in  over  60%  of  these  cases  two  or  more  animals  were  present 
in  the  immediate  environs. 
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During  the  period  of  this  report,  for  the  purpose  of  an  environmental 
survey,  rats  were  tested  for  antibodies  to  j-i  duetts  iae . 'Pwenty  percent  of 
these  rats  were  found  to  be  positive  for  SF,  indicating  a continuing  rise 
over  that  found  in  previous  years.  It  is  difficult  as  yet  to  determine  whe- 
ther these  rats  may  serve  as  sources  of  human  infection,  however  they  may 
perhaps  serve  as  sentinel  animals,  indicating  a rise  in  the  "pool"  of  in- 
fected animals  in  nature  which  may  serve  as  reservoirs  of  infection. 

In  a previous  report  (5)  we  described  the  beginnings  of  the  develop- 
ment of  reverse  passive  hemagglutination  (RPH)  and  hemagglutination  inhi- 
bition (RPHI)  tests  suitable  for  use  with  rickettsial  antigens  and  antise- 
ra. Subsequently  Improvements  were  made  in  the  conditions  for  these  tests 
in  the  reagents  used  and  in  the  carrying  out  of  the  tests  themselves. 

Two  hundred  thirty  sera  from  cases  of  suspected  rickettsioses  were 
tested  by  RPHI  and  the  results  compared  with  findings  in  the  CF  and  FA 
tests.  More  sera  were  found  positive  to  MT  by  RPHI  than  by  either  CF  or 
FA.  In  the  case  of  spotted  fever  positive  sera,  RPHI  picked  up  more  posi- 
tives than  CF  tests,  but  fewer  than  FA.  When  the  results  were  analysed,  the 
agreement  found  between  FA  and  RPHI  was  not  good  in  MT  and  only  fair  in  SF. 

In  the  case  of  SF,  it  wa.s  found  that  normal  human  serum  contains  some 
factor  which  blocks  the  agglutination  of  conjugated  erythrocytes  by  cor- 
resjjonding  antigens,  and  the  amount  of  antigen  blocked  is  proportional  to 
the  serum  concentration.  In  order  to  measure  the  amount  of  antibody  in  the 
presence  of  the  blocking  agent  it  was  decided  to  carry  out  the  RPHI  test 
using  a constant  concentration  of  serum  and  varying  the  concentration  of 
antigen.  The  serum  concentration  was  arbitrarily  selected  as  l:lo.  In  each 
test  a known  normal  serum  was  taken  as  a reference  serum  and  the  antigen 
titered  in  the  presence  of  the  normal  serum  diluted  1:10  and  in  the  presence 
of  the  serum  to  be  tested,  also  diluted  1:10. 

T'le  number  of  two-fold  dilutions  in  which  a significant  difference  in 
agglutination  of  the  conjugated  RBC  could  be  seen  between  the  two  sera  was 
called  the  RPHI  index  of  the  serum  being  tested. 

Tile  RPHI  index  method  was  tested  for  its  potential  usefulness  as  a 
diagnostic  tool  and  the  results  seem  promising.  The  agreement  between  this 
method  and  FA,  in  the  relatively  few  sera  tested,  was  good  both  in  cases 
of  murine  typhus  and  spotted  fever. 

Tlie  use  of  RPH  and  RPHI  for  the  differentiation  of  rickettsial  species 
proved  disappointing  in  the  case  of  SF,  but  seems  promising  for  the  dif- 
ferentiation of  murine  and  epidemic  typhus  rickettsiae  or  antisera. 


IT 


In  the  case  of  known  rabbit  and  guinea  pig  antisera  it  was  found  pos- 
sible to  differentiate  among  the  sera  resulting  from  the  immunization  or 
infection  of  the  animals  with  the  two  different  rlckettsiae.  Unfortunately, 
known  positive  human  epidemic  typhus  antisera  were  not  available  to  us  so 
that  we  were  unable  to  test  this  method  with  human  sera. 

Attempts  were  made  to  separate  various  eintigenic  components  from 
spotted  fever  antigens,  using  brushite  anionic  and  cationic  ion-exchange 
columns,  in  the  hope  that  some  of  these  components  would  be  species  spe- 
cific rather  than  group  specific.  Results  here  too  were  disappointing. 
3)ecies  specific  antigens  were  not  detected  using  RPH  or  RPHI  techniques, 
but  only  group  specific  antigens. 


CONCLUSIONS 


1.  Fluorescent  antibody  methods  revealed  293  past  and  present  rickettsio- 
ses  in  sera  from  552  suspected  cases.  Of  these,  223  were  shown  to  be 
current  spotted  fever  and  *49  current  endemic  typhus. 

2.  On  the  basis  of  complement  fixation  tests  using  paired  sera,  current 
infections  with  spotted  fever  were  confirmed  in  73  cases  and  with  mu- 
rine typhus  in  eight.  In  the  same  s^era,  immunofluorescent  staining  of 
IgM  detected  117  cases  of  current  spotted  fever  and  nine  cases  of  cur- 
rent murine  typhus. 

3.  Specific  IgM  antibodies  against  rickettsiae  following  primary  infec- 
tion, may  persist  at  low  levels ^for  six  months  or  longer  indicating 
the  need  for  caution  in  diagnosing  current  infections  on  the  basis  of 
the  presence  of  only  minimal  amount  of  specific  IgM. 

i* . Normal  human  serum  contains  some  factor  which  inhibits  agglutination, 
by  homologous  antigen,  of  glutaraldehyde  fixed  chicken  erythrocytes 
conjugated  with  anti-spotted  fever  immunoglobulin.  The  amount  of  anti- 
gen inhibited  is  proportionate  to  the  concentration  of  serum  present. 

5.  It  was  found  possible  to  titrate  the  level  of  antibodies  against  ricket- 
tsiao  by  making  serial  dilutions  of  antigen  in  the  presence  of  constant 
concentrations  of  test  sera,  and  adding  glutaraldehyde  fixed  chicken 
erythrocytes  conjugated  with  homologous  immunoglobulin.  The  same  pro- 
cedure was  followed  using  normal  human  serum.  The  antibody  titer  or 
RPHI  index  of  the  unknown  serum  was  then  expressed  as  the  difference  in 
the  amount  (or  number  of  antigen  dilutions)  inhibited  by  the  known  ne- 
gative serum  and  the  unknown  serum. 
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6.  The  RPHI  index  method  was  tested  with  selected  animal  immune  sera  and 
humane  acute  and  convalescent  sera  and  found  to  give  results  in  good 
agreement  with  fluorescent  antibody  methods. 

T.  Reverse  passive  hemagglutination,  using  erythrocytes  conjugated  with 
serum  globulins  from  animals  immunized  against  murine  and  epidemic 
typhus  differentiated  between  antigens  prepared  from  the  two  species 
of  rickettsiae. 

8.  One  isolation  of  spotted  fever  rickettsiae  was  made  from  blood  taken 
from  a child  Just  prior  to  death  with  disseminated  intravascular  co- 
agulation. The  strain  proved  to  be  antigenically  similar  to  five  of 
the  previoui3  isolates  (T-i62,  T-193.  G-212,  S-U81*,  T-l*87)  but  differed 
from  one  previous  isolate  (T-IT*^). 
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Table  1 


SERA  POSITIVE  FOR  SPOTTED  FEVER  AND/OR  MURINE  TYPHUS  - SEROLOGICAL  RESULTS 

(1.3.75  - 31.12.76) 


No. 

Na»e 

Town 

CF^ 

FA^ 

IgM^ 

SF^ 

MT^ 

SF 

MT 

SF 

KT 

2226 

M.D. 

Rehovot 

- 

- 

- 

- 

- 

M.D.^ 

M 

- 

- 

PJ.40 

- 

40 

2253 

G.H. 

Nazareth 

- 

- 

ND 

>40 

2257 

V.O. 

It 

' 

- 

- 

2259 

S.A. 

" 

40 

■ 

- 

t2260 

0.2. 

M 

40 

- 

1 

12261 

A.M. 

tf 

- 

40 

I2349 

Haifa 

16 

- 

;»40 

^40 

- 

B.N. 

Beersheba 

. 

- 

- 

- 

i 

B.N.2 

ft 

^64 

8 

• 

- 

2366 

N.S. 

Naharia 

16 

40 

- 

2369 



B.N. 

Kfar-Saba 

160 

i 



40 

- 

40 

ND 

^CF  - Coapleaent  Fixation  Test. 

2 

FA  Indirect  staining  with  fluorescent  antibody  against  huaan  gavn  glebulins. 

^IgM  - Indirect  staining  with  fluorescent  antibody  against  IgM  gaaaa  globulins. 

4 

SF  - Spotted  fever. 

^KT  - Murine  typhus. 

^ - Subscripts  indicate  successive  bleedings. 

- Indicates  <4  in  the  CF  test  or  <40  in  the  FA  test. 

ND  - Not  done. 
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TABLE  1 (Cont.) 


1 , 

No.  i Name 

1 

Town 

I CF 

FA 

IgM 

SF 

MT 

SF 

m 

MT 

1 " * 

12369  B.N.., 

Kfar-Saba 

160 

- 

1 >40 

- 

40 

ND 

23‘’2  P.B. 

tt  M 

- 

- 

- 

ND 

ND 

, ■ ^■«-2 

fl  M 

20 

- 

40 

- 

40 

ND 

1237.3  . M.T 

Haifa 

- 

160 

f 

* 40 

1 . 

>40 

1 

2374  B.Z.R. 

Tel  Hashomer  Hosp. 

- 

160 

- 

> 40 

ND 

>40 

2375  H.M. 

tt  n tt 

- 

320 

> 40 

ND 

»40 

!2376  1 F.B. 

1 

Tel- Aviv 

10 

. 

40 

ND 

40 

1 

, 

Tel-Avi V 

20 

80 

40 

40 

40 

40 

>2377  S.O. 

\ 

Kfar-Saba 

5 

- 

- 

ND 

ND 

S-0-2 

•t  tt 

10 

- 

ND 

ND 

S.O. 3 

tt  It 

40 

' 

40 

- 

ND 

1 

23«0  K.Z. 

Haifa 

- 

160 

;?.40 

>40 

40 

1 

^.40 

• 

2381  N'.H. 

/t 

20 

- 

40 

40 

ND  : 
1 

2382  L.S. 

Netanya 

40 

- 

40 

- 

2383  H.M. 

Hai  fa 

- 

80 

" 1 

1 

. 1 

j 2384  E.E. 

Gaza 

- 

320 

1 

_ 

j 

1 

! 2385  A.H. 

Haifa 

- 

160 

40 

>,40 

- i 

1 

40  f 

2386  I.G. 

Rehovot 

_ 

320 

- 

>,  40 

1 

>40  . 

2387  T.M. 

Tel-Hashomer  Hosp. 

160 

j 

» 40 

( 

>40  j 

! 2388  N.I. 

Tel-Avi V 

- 

- : 

i 

. 1 

1 

’ ! 

i N.I.., 

tt  It 

- 1 

. 1 

»40  1 

^ 1 

j 

>40  ' 

1..  ^ L 

..  . .1 

-.1 

L 

- . -IJ 

_L 

I 


Tov«m 


[2391 

2420 

2421 
2454  ^ 
b456  j 
2457  ; 

2462 

j I 

2463  I 

2474  ' 

I 

2475 

] 

i 

2476 

i I 

2477  I 

2496  . 
►2498  I 


Haifa  | 

B.H.A 

. Haifa  j 

K.B. 

Haifa 

P.N. 

It  1 

H.G. 

Netanya  i 

t 

M.O. 

1 

Meir  Hospital  j 

B.N. 

Kfar-Yona 

• » 

F.F. 

Zahalon  Hosp.  Tel-Aviv  | 

I 

F.F.^ 

fi  II  II  II  ! 

L.I. 

Netanya 

S.H. 

t 

Asaf  Harofe  Hospital  ' 

S.H.^ 

II  II  II  1 

A.S. 

Beersheba 

A.S. 2 

II 

D.A. 

Beersheba 

D-A-2 

II 

C.A. 

Rehovot 

G.H. 

Kiriat  Haim  ^ 

H.R. 

Haifa  j 

>64 


99 
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TABLE  1 (Cont.) 


1 

No. 

i Name 

Town 

CF 

FA 

IgM 

SF 

MT 

SF 

MT 

SF 

KT 

:250: 

( 

1 

S.R. 

Haifa 

- 

- 

- 

- 

- 

- 

i 

S.R.2 

« t 

256 

- 

>40 

- 

40 

- 

1 

' 2503 

A.G. 

Asaf  Harofe  Hospital 

_ 

- 

40 

- 

40 

1 

2504 

B.I.B. 

Te 1-Avi V 

- 

- 

:^40 

40 

B.1.2 

fl  II 

ND 

ND 

_ 

r 40 

_ 

: »-40  ' 

, 2506 

D.D. 

Tel-Mond 

- 

. 

40 

- 

_ 

1 

D.D.., 

II  II 

64 

16 

]|40 

- 

40 

j 

2510 

K.G. 

Ein  Vered 

- 

- 

- 

- 

- 

K.G.2 

It  II 

8 

>^40 

- 

40 

1 

j 

1 

2514 

j 

D.L. 

Net any a 

32 

- 

40 

40 

1 

, 

i 

2515 

A.E. 

Kfar-Saba 

40 

- 

- i 

1 

A.E., 

II  M 

- 

_ 

»40 

40 

; 

2516 

1 .A. 

Haifa 

32 

32 

40 

- 

40 

- 

i 2518 

S.S. 

Kiriat  Haim 

- 

D-  40 

* 

- 

1 

2519 

S.L. 

II  II 

32 

64 

40 

' 

- 

' 2524 

1 

S.O. 

Kfar-Yona 

- 

40 

- 

1 

2532 

N.R. 

Tel-Avi V 

. 

256 

40 

> 40 

40 

^■40 

1 

2533 

B.N. 

Hadassah  Hosp.  Tel-Aviv 

. 

- 

- 

- 

! 

1 

1 

B.N.* 

•1  II  II  It 

* 

32 

> 40 

j 

>40  1 

- 

1 2534  I 

G.A. 

Raaat  Hasharon  1 

1 

- 1 

- 1 

- 

1 1 

i 

G.A.^ 

II  II  1 

. J 

256 

1 

. j 

^ 40  j 

- 

40 

- 

2535  1 

I.G.  ! 

1 

Kfar  Yona 

I.G.,! 

It  II 

2537  1 

j 

O.M.  i 

i 

Re ho VO t 
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- 

- 

- 

O.M., 

It 

>,32 

16 

>40 

- 

40 

- 

2982 

H.R. 

Kaplan  Hospital 

8 

40 

1 

H.R., 

M M 

>,32 

- 

- 

- 

ND 

ND 

fl.R.3 

II  II 

SD 

Nl) 

>40 

- 

- 

- 

298.^ 

L.H. 

Haifa 

- 

>40 

- 

>40 

- 

2984 

I .0. 

Kiriat  Motzkin 

16 

- 

> 40 

- 

> 40 

- 

[2985 

E.E. 

Hai  fa 

M2 

8 

>40 

- 

40 

- 

'2987 

A.M. 

Hadera 

4 

1 

40 

*40 

*40 

*40 

12988 

A. A. 

ft 

8 

>32 

- 

- 

2989 

A. I. 

It 

i 

- 

- 

ND 

— 

A. I., 
‘ 

It 

— 

- 

i 

i 

- - -i 

■»  40 

i 

TABLE  1 fCont.) 


t 

1 

1 

1 No . 

' — - - 

Town 

CF 

FA 

IgM 

t 

SF  1 MT 

i 

SF 

SF 

MT  1 

iJ993 

B.M. 

Netanya 

1 

_ 

ND 

I 

ND  ‘ 

i 

B.M., 

It 

,32  - 

V 

o 

- 

*40 

'2994 

H.n. 

Meir  Hospital 

- ; 

- 

- 

NO 

ND 

H.D.^ 

M It 

- : , 32 

40 

>40 

- 

40 

299S 

F.D. 

M 1 1 

>32  . 

i 

>^40 

- 

ND 

299' 

B.:. 

Te  1 -Avi V 

1 

- i 

B.:., 

t>  tl 

, 40 

, 40 

- 

2998 

A.M. 

Beershc-ba 

>32  , - 

>40 

> 40 

- 

2999 

O.I. 

1 1 

8 ; 

- 

- 

i 

j 

3000 

C.N. 

It 

- ' - 

- 

- 

. 

C N 

'2 

M 

, 40 

- 

o,  40 

3002 

B.K. 

Tel -Avi V 

1 

■ 

, 40 

- 

40 

- 

3003 

B.R. 

Beersheba 

, - 

>*-40 

- 

40 

1 

3004 

F.S. 

tt 

16  : 

> 40 

- 

40 

• 1 

1 

3005 

B.M. 

tt 

1 

16  , 

1 

>40 

- 

*40 

' 

3006 

A. A. 

Tel-Aviv  j 

1 

00 

>40 

- 

*40 

ND 

A. A. 2 

ft  It 

128  ; 

,40 

- 

>40 

- 

3007 

H.2. 

Beersheba 

,32  1 

>40 

- 

* 40 

ND 

3009 

H.I  . 

Tel-Aviv 

- ' 8 

40 

>40 

40 

40  1 

1 

.3014 

L — 

R.R. 

Kfar-Vitkin 

( 

^ 

L.  .lU 

TABLE  1 (Cont.) 


- aO  - 


So. 

1 

N.imr 

Town 

CF 

FA 

IgM 

SF 

MT 

1 SF 

1 

SF 

MT  ! 

R.R.., 

Kfar- Vitkin 

16 

- 

1 

1 

i >^40 

1 

40 

j 

.^015 

C.T. 

Te 1-Aviv 

*32 

. 

1 >40 

1 

. 

40 

- : 

.■50  Ih 

R.M. 

Raanana 

>32 

- 

>40 

>40 

! 

.50 1 ~ 

B.5. 

t ( 

♦ 32 

■ 

>40 

♦ 40 

5019 

B.B. 

Tel -.Aviv 

1 

40 

- 

40 

B.B.  , 

tl 

* 128 

- 

♦ 40 

40 

- 

.5021 

B.D. 

Kfar  Yona 

ND 

ND 

B.D.., 

*•  1? 

*40 

- 

♦ 40 

5022 

A.E. 

t(  It 

- 

ND 

ND  1 

.V.F:., 

..  .. 

16 

>,  40 

■ 

>40 

- 

.5025 

G.B. 

Ra mat aim 

- 

- 

ND 

ND  1 

G.B., 

It 

ND 

ND 

>40 

- 

>40 

- 

.5025 

S.O. 

Tel -Aviv 

- 

>.128 

40 

>40 

*40 

••40 

S.O., 

tf  II 

- 

128 

40 

>40 

40 

40 

5026 

M.  I . 

♦ 1 It 

> 32 

- 

w40 

- 

>40 

ND  1 

5029 

V.E.O. 

Hadera 

8 

4 

j 

! 

ND 

ND  ’ 

i 

t 

V.E., 

II 

16 

4 

>40  j 

- 

>40 

' 

.5030 

K.B. 

Tel-Avi V 

16  , 

1 

>.32 

♦ 40 

>40  - 

40 

> 40  ' 

3034 

S.A. 

»l  It 

- 

40 

1 

ND 

ND  1 

i 

M II 

L ,.  . . . 

1 

>40  1 

1 

^ 1 

I 

> 40 

L 

TABU;  1 fCont.) 


- Ul  - 


J 1 

i No. 

— 

Name  1 

Town 

1 

CF  I FA 

] 

IgM  ) 

. J 

SF  1 MT  ; SF 

MT 

SF 

I MT  ! 

' 50  3(  ' 

1 

I.O.  . 

Netanya 

1 

ND 

i ND  ! 

1 

1 

I.O.J 

1 1 

^ 32  1 - >40 

♦ 40 

5057 

1 

I.A. 

tt 

1 - : 

- 

- 

1 

. 1 

1 

I.A., 

- j - >40 

- 

♦ 40 

1 - ! 

i5059 

S.Z. 

Meir  Hospital 

4 j - ' »40 

- 

1 

5040 

R.Z. 

Rehovot 

♦ 32  : - 1 40 

1 

, ' 

5041 

s.s. 

Tel-Aviv 

8 »32 

> 40 

ND 

»^40  ' 

3042 

K.S. 

Petah-Tikva 

4 

> 40 

ND 

♦ 40  1 

5044 

B.O. 

Tel-Aviv 

- , - 1 - 

. 

ND 

ND 

j 

It  M 

- i - ♦AO 

♦ 40 

1 

3046 

B.O.Vj 

II  II 

>32  1 

>40 

ND 

j *.40  : 

|3050 

P.N. 

Beersheba 

*>32'  - ‘ >-40 

1 

- 

40 

ND  1 

|305: 

A.E. 

Haifa 

»32  j - >40 

- 

40 

ND 

» 

j3053 

P.I  . 

II 

1 

8 ' 4 >40 

♦ 40 

! ND 

3054 

K.S. 

♦ 32  1 ♦AO 

1 

>40 

40 

1 . 

3055 

R.S. 

11 

♦ 32  ! - , >40 

- 

>40 

1 ND  ' 

3059 

T.E. 

Tel-Aviv 

64 

“ 

ND 

1 ND  ! 

1 

T-E-2 

It  II 

1 

64  40 

♦ 40 

. 

, >40  1 

5064 

S.D. 

Kfar  Saba 

- : - ' - 

- 

ND 

j ND  ( 

i t 

1 

S.D,., 

II  II 

- ! - 40 

♦ 40 

ND  I 

J 

2 

J 1 L.  . . .. 

1 1 

TARLf  I fCont.) 


Vo.  '..imo 

Town 

-•  - 

' CF 

r~ 

l-A 

[gM  1 

1 

sr 

MT 

SF 

MT 

SF 

r^. 

\ . F . 

Tel- Avi V 

- 

- 

ND 

i 

ND 

N.E., 

1 

_ 

- 

_ 

>40 

; ND 

1 

V.E.  , 

• t tr 

1 

40 

. 

> 40 

1 

ND  ■ 

.^070  P.I. 

Beersheba 

- 

- 

- 

.VD 

ND 

P.I., 

M 

32 

‘ 

->40 

- 

- 

- 

SO'l  M.A. 

Beersheba 

»32 

>40 

- 

♦ 40 

- 

.^072  M.E. 

♦ f 

■ 

- 

>40 

>..40 

- 

.1073  F.H. 

.. 

8 

8 

.*40 

_ 

40 

1 

1 

307fi  H.M. 

1 

Madera 

>.128 

32 

>40 

> 40 

- 

- 

3080  G.A. 

Tel-Avi V 

- 

- 

- 

ND 

ND 

G.A.^ 

It  II 

- 

- 

>.40 

- ■ 

>-40 

ND 

3082  S.G. 

Kfar  Saba 

- 

4 

- 

F.  40 

ND 

>40 

3083  N.R. 

Beersheba 

* 

- 

>40 

ND 

>40 

|3115  S.N. 

Beilinson  Hospital 

>.-32 

- 

■ 

- 

- 

3117  K.Z. 

Tel-Avi V 

J 

- 

> 40 

- 

40 

. 1 

1 

II  It 

32 

1 

- _i 



> 40 

__1 

»40  ; 



- 

- 13  - 


« 


Tiibie  2 


H'lMAN  SERA  SIJBMiri'ED  FOR  SEROOOGICAL  DIAGNOSIS  OF  RICKETTSIAL 
INFECTIONS  TESTED  3Y  ^'LUORESCEN’T  ANTIBODY  (FA)  AjND  COMPLEMENT 

FIXATION  (CF) 


1 ; 

1 

^»*st  . ^ ^ 

tested 

1 Positiv>e 

sera*" 

3era 

positive 

for 

AC 

2 

Current  Infections 
(No.  of  Cases) 

3F  ont;/ 

NTT  only 

3F  + OT 

VT 

o85 

372 

273 

21 

78 

i fa 

1 

223 

U9 

(552)"* 

(293) 

(211;) 

(17) 

(62) 

i 

6o9 

251^ 

IbO 

I49 

CF  ! 

3 

73 

8 

j (523) 

i (219) 
1 

(1U6) 

(39) 

(3M  , 

1 



1.  In  the  CF  test,  a titer  of  3-  U was  considered  positive;  in  the  FA  test,  a titer 
of  ^ was  considered  positive. 

2.  In  the  case  of  the  FA  test,  diagnosis  was  based  on  a rise  in  serological  titer 
in  successive  bleedings,  or  the  presence  of  specific  IgM  antibodies.  When  anti- 
Dodies  were  present  to  Doth  SF  and  the  diagnosis  was  .nade  according  to  the 
higher  titei’. 

In  the  CF  test,  the  diagnosis  was  bajjed  on  a rise  of  at  least  four-fold  in  ti- 
ter in  successive  bleedings.  Two  or  more  sera  were  received  from  iU2  patients 


3.  Numbers  in  parentheses  indicate  the  number  of  individuals  from  whom  correspond- 
ing sera  were  derived. 


'able  3 


- J4I4 


:OMPARI£ON  OF  THE  REGL"^TC  OF  FUJDREGCENT  ANTIBODY  (FA)  AND 
COMPLEMENT  FIXATION  (CF)  TESTC  IN  HUMAN  3ERA  TESTED  AGAINST 
SPOTTED  FE\TR  (3F)  AND  MURINE  TYPHUS  (Ml)  RICKETTSIAE 


Test 

Sera  bested  for  SF 

Sera  tested  for  MT 

> 

+ 

FA- 

+ 

FA 

mm 

CF-*- 

1 

191 

19 

J 

61 

1-  - — - - - 1 

32 

1 

1 

1 

CF- 

150 

31* 



=^29 

In 

the  FA  test 

a titer 

of 

UO  was  considered 

as 

jx)sitive . 

In 

the  CF  test 

a titer 

of 

U was  considered 

as 

positive . 

2. 


T-iblo  i4 

I rn^STC'^’ETJCK  OF  GPFCIFI'’  Zr,y  IN'  CFRA  OF  PATIENTF  FOLLOWING 
PRIMARY  T'rPF.CTION  WITH  GPO'PIElJ  FSI/EP.  ^GF)  OR  MURINE  TYPHUG  (MT) 


T'tbl'-*  u (Cont.) 


Oat*'  of 

- 

0 

FA" 

Bleed i ng 

'■fl' 

r> 

kJ 

F 

Ig^ 

4 

IgM 

ig 

IgM 

* 

27.10.75 

126 

I4 

+ 

■I 

2632 

22.  2.76 

- 

k 

m 

1 

ll4.lO.75 

32 

3 

+ 

ini 

■ 

■ 2637 

1 

7.  i^.76 

Js.6u 

- 

u 

- 

■ 

1 

2640 

28.  7.75 

.?256 

2 

2 

14 

2 

23.10.75 

8 

1 

-*■256 

3 

+ 

3 

2 

10.11.75 

6I4  j 

:k128 

3-U 

2 

14 

•f 

2660 

22.  2.76 

- 

jrl28 

+ 

+ 

14 

2. 

1.  Compleny.'nt  fixation  test. 

2.  IinmunoD-uorescent  staining. 

3.  Iramunofluorescent  staining  of  immunoglobulins. 

U.  Immunofluorescent  staining  of  IgM  immunoglobulins. 

Immunofluorescent  staining  was  carried  out  as  a 1;U0 
dilution  of  the  patients'  serum.  The  brightness  of 
staining  va.s  evaluated  as  ± - I4+. 


Tittle 


month  of  ONJET  of  02-i  -A.rtf  JF  . POTTED  FE’/ER  ZllFECTIONS 

:::  rifyAii’ 


.uitr;.’  1975  - Decemoer  1976 


' J.’U. . 1 Feb. 

M.'tr . 

Apr . 

— 

May 

June 

July 

Auf,. 

Dept . 

Oct. 

Nov. 

Dec. 

Total  j 
Cates  j 

' i i 
. ..  : ' 1 0 

■ ^ 

10 

1 

7 

1 

7 

12 

13 



11 

21 

1 

121 

( 

I 

1 

J — i 

. 

2 

10 



20 

26 



19 

16 



2 



3 



09  , 

1 

_ confirmed  ir.  tte 


s„-Ziona  laboratory . 


u8  - 


223  cacsg*  of  opotted  fevsf.  infection 
H:;yo^;2  by  cex  .^no  oeographic  area,  1975  - 19T6 


I Oeorraprii  c i I Oex 


area 

Total 

' Male 

Female  , 

;;a:.Firy  a 

1 

1 

0 

r!  I <x 

hU 

22 

22  } 

Hade  ra 

16 

8 

8 ' 

iietonya 

72 

U9 

23 

Tel- Aviv 

i*6 

30  ! 

18 

Jerusaieni 

10 

5 i 

5 

1 

beersheba 

32 

19  1 

13 

Total 

223 

13*^  : 

89 

J 

Cases  confirmed  in  the  .’.'ess-Ziona 
laooratory . 


_ Uo  - 


Tfit.le  T 


DISTRI3UTI0N  OF  279  OF  SPOTTED  FEVER  INFECTION 

BY  ASS  a;-'D  sex,  1975  - 1976 


: Age 

Sex 

0-14 

5-U 

15-^'4 

D 

Unknown 

Total 

, Male 

— 

40 

85 

23 

19 

167 

; Fenale 

30 

1^3 

22 

lU 



3 

112 

* 1 
, Total 

i 

70 

128 

3 

279 

« 


Epideniiologically  investigated  (123  laboratory' 
confinned) . 


- so  - 


T-ible  8 

AMIMAL  PRESENT  IN  THE  ENVIRONMENT  OF  279  CASES*  OF  SPOTTED  FEVER  INFECTION 

1977  - i97C 


(a) 


1 

j Hind  of  animals 

iJo.  of  Cases 

j Dogs 

1 

195  [ 

1 Cats 

lUU  ; 

1 Horses  , donkeys 

65 

j Sheeo , goats 

32  ; 

1 Cattle 

19 

^ Rodents 

3^4  ; 

' Hedgehogs 

2C 

Poultry 

8 ' 

Camel 

5 

None  or  unknown 

30  j 

• Epidemiologically  investigated  (123  laborator-y  confiraed). 


(b) 


No.  of  cases 

None 

30 

One 

79  ! 

Two 

9k 

Three  or  more 

i 

Number  of  animals  of  one  or  more  species  in  the  housenold. 


C0::TACT  Of  the  2T9  CACET*  of  CPOTTED  TEVEP  infection  with  AlilMALC, 
1975  - 1976 


I 

Type  of  "'ontact 

1 

No.  of  cases 

1 fpequent  close  contact 

75 

■ Cporadic 

55  i 

i 

At  play 

U9  j 

' Not  defined  or  iuiK.nown 

1 

100  : 

Total 



279 

— — i 

Epidemiologi cfilly  investigated 
(12  3 laboratory  confirmed). 


VAXIVAL 


TEMPERATURE  Q3EEP'/ED 
I.’iFECTIO:;, 


::i  279  CASEC*OF  SPOTTED  FEVER 
197?  - 1976 


Temperature 

.'<0.  of  casec 

-<  38.y°C 

10  ! 

39°  - 39.9°C 

71  ! 

1 

' i*o°  - 1*0. 9°C 

11*3 

1 35- 1*1  C 

31 

1 

1 Unknown 

1 

21*  ! 

1 

Tbtal 

279 

i 

1 

•Sf.idemiologically  investi.’ateQ  ( 123  laboratory  oonfirraed). 


1 Clinical  zi»mz 

i 

no,  of  casesj 

1 Lj'mphadenopathy  - 

1 Generalized 

16 

localized 

U3 

' bleeding 

4 

i 

1 Hct  ato-aplenomegal;/  or  Jplenomegaly 
i only 

1 

10  1 

1 

1 ' 
♦ 

1 Jaundice 

1 

p * ' 

' 1 

neurological  Signs 

6 i 

1 

Others  i 

i 

^ 1 

* Epidemiologically  inv«3t,igated  (123  laboratory  confirmed). 


- 


TslIv  12 


OF  HAJH  279  cazec  * of  opotted  fever 
I.-ifiCTION,  1975  - 197c 


T^/pe  of 

■Vo.  of  cases 

1 

I y.aculopapular 

1 

139 

, Henorrtiagi  c 

31 

■Jnknourr. 

109  ( 

Total 



27Q 

i 

Spidemiologi caliy  investigated  (123 
laooratory  confirmed). 


Ta;  lo  1: 


of  raoh  i:;  2T9  caoes*  of  spotted  fe’/er 
KlriCTIUi , 1975  - 1976 


SEROLOGICAL  GL'RVEY  FOR  SPOTTED  FEVER  (SF)  AliD  MURINE  TYPHUS  (l^) 


1 

' Place 

Number 

of 

N umbe  r 
of 

Number  of  sera  1 

positive  for  SF  ; 

L 

Numbe  r 
positiv 

of  sera 
e for  .'■rr] 

1 

sera 

tested 

idual3 

CF 

FA  ' 

Jlatareth 

3 

23 

3 

T 

i 

_!Lj 

79 

7 

51  ! 

L. 

0 

-J 

A i 
J 

1.  Complement  fixation.  Titer  >y  U were  considered  as  positive, 

2.  Imnunofluorescenoe  tests.  Titer  9- hO  wa.'  considered  as  positive. 


57  - 


Table  15 


C0:-TARI30:.’  OF  THE  P^ESULTE  OF  FLUORSECENT  /UiTIBODY  (FA)  AMD  REVERSE  PASSIVE 
HEMASOL’JTIHATION  IIIHIBITIOH  (RPHI)  TESTS  IS  HUMAH  SERA  TESTED  FOR  SPOTTED 

FEVER  (3F)  A'.'D  MURINE  TIPHUS  (MT) 


Test 

1 

Sera  tested  for  SF 



Sera  tested  for  Ml 

RPHI-*-  ^ 

RPHI- 

p 

RPHI-*- 

RPHI-  j 

1 

. FA+  " 

1 

i_ 

150 

55 

30 

19  j 

1 

FA-  T 

1 

19 

i 

28 

1 

15^  1 

1 

In  the  RPHI  test  for  spotted  fever,  a titer  of  >32  wu?  considered  as 
positive . 

In  the  RPHI  test  for  murine  typhus,  a titer  of  *8  wv  considerea  as 
positive , 

In  the  FA  test  a titer  of  *U0  ./as  consider*?.!  -e-  ic.-itiv*. 


T'lbit  It. 


TITRATION’  OF 


•lEiriA  TIC;:  'Tin-iuo  antite:;  bi  reveroe  paeeiv'e 
iisyAaoLiJTi.’.’ATioN  i:;  the  presence  of 


VARIOUS  DILUTIO:<S  OF  NORvaL  HUMAN  SERUM 


Normal 

Human 

3e  ram 
Dilutio.n 

— 

Antigen  dilution  1: 

16 

32 

6k 

128 

256 

512 

m 

1.096 

c.c.  2 

c.c.^ 

i 1:2 

U ^ 

1. 

k 

h 

k 

l4 

k 

14 

14 

u 

k 

1 1:1. 

1* 

u 

k 

u 

2 

- 

- 

- 

- 

- 1 

' 1:6 

t 

U 

3 

•f 

- 

- 

- 

- 

i 

1:16 

N 

1. 

k 

k 

u 

2 

- 

- 

- 

- 

- 

1:30 

1. 

1. 

k 

k 

1. 

1. 

u 

- 

- 

- 

- 

i 1:614 

k 

1. 

k 

14 

1* 

k 

- 

- 

1 

1 

i 1 

; 1:128 

k 

U 

k 

14 

l4 

k 

1. 

2 

- 

- 1 

1 

( 



U 

U 

k 

JlJ 

“ 1 

JU 

’ 1 

, 

1 



1 

i 

1.  Method  I antigen flO). 

2.  Cell  control  - ConJ'o^ated  chicken  erj'throcy tes  pluc  the  correopondinr  -iilutl'-n  -f 
nome-i  human  serum. 

3.  The  degree  of  hemagglutination  war.  read  an  to  Ij*. 

Tne  diluent  used  in  tne  test  war  saline  plus  2%  dextrose.  Tne  conjugate  wss 
glutaraJde.hyde  fixed  cdicken  conjugated  with  rabbit  'u.tl -Indian  ticf.  tyrr.us 
im.T.urie  glob'ulin.  Tn**  antigen  ser'sm  mixtures  were  incuonted  at  3T'C  one  .:ur 
before  addition  of  conjugate.  Tlie  plates  were  then  allcwei  to  stand  at  :'osr'. 
teape  r at  ure  un  t i 1 re  ad . 


Table  IT 


TITRATION  OF  rSN^'A  TICK  ’HTHUS  ANTIGEN  ^ BY  REVERCE  PASSIVE  HEMAGGLUTINATION 
IN  THE  PRESENCE  OF  NORMAL  HUMAN  SERUM  AND  VARIOUS 
DILUTIONS  OF  CONVALESCENT  HUMAN  SERUI-I 


1 

3e  rurn 

Antigen  dilution  1: 

Di lution 

8 

16 

32 

6h 

128 

256 

512 

1021* 

201*8 

j 1 

liorrr.ol  Huaan 

I DeruiL 

1:10 

h 

L 

I4 

L 

I4 

2+ 

1 

1 

Convalescent 

1 2>rum  » 2606 

1:10 

3-^ 

- 

- 

" 

i 

1:20 

- 

- 

- 

- 

- 

- 

- 

1 

1 

1:U0 

3^ 

- 

- 

- 

* 

1 

1:80 

h 

2 

• 

- 

- 

- 
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1:160 
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u 

1* 

- 

- 

- 

- 

1 

1:320 

k 

I4 

3 

- 
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- 

i 

1 

1 

1:6U0 



k 

1* 

I4 



1 

1 

1.  ‘^thod  I antigen  (lo). 

2.  TYie  degree  of  hemagglutination  wa.3  graded  as  + to 

Tne  antigen  'iilutions  were  made  in  saline  containing  2:1  dextrose.  Tn.e  i:Ii 
dilutions  of  normal  human  serum  and  serum  26o8  were  made  In  aline.  Tne  fol- 
lowing dilutions  of  26o8  1:20  - 1;60  were  maae  in  saline  ; lu~  normal  hur.ar. 
serum  such  that  tdie  serum  concentration  was  nept  const'mt  at  1:10.  The  con- 
jugate used  was  glutaraldehyde-fixed  chic/.en  FJjC  conjugated  wit.h  rabbit 
anti-Indiari  tick  typhus  immune  globulin.  Tne  ai'.t i .'on-'er  sr  mixtures  .■■re 
.ncubated  at  37  C one  nour  before  addition  of  conju.vite.  T;.e  plates  we.*^ 
tnen  allowed  to  stand  at  room  temperature  until  .’•eal. 
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Table  l8 


RE'.rIRcS 


PAZzrrE.  HEyjvGGLi'Ti.'iATio:;  i:jdex  in 

'J:-G^ABED  WITH  imiJOFLUORZGCENT  AIJD 


SELECTED  CASES  OF  SPOTTED  FEVER 
COMPLEMENT  FIXATION  TESTS 


H 'omari  Ze  run  iio . 

Antigen  dilution  1:  ^ 

Inhibited  nr 

FA 

CF 

dll.  1:10 

32 

6U 

128 

256 

512' 
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20b8 

Index*” 

at  1 : bo 

Ti  ter 
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ilcrn'il 

h - 

b 

b 
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2 
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- 

b 

b 
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2bb8  : 

u 
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4 

4 

2 
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3 

- 

- 
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3* 

^ 32 
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u 

b 

b 

3 

2 
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3 
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- 

3-b-K 

. 32 

! 2 ?6  : 

u 
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3 

2 

- 

• 

- 
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- 
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- 

- 

9o 

2t- 

»i2e 

i2973  : 
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b 

b 

b 

-f 

• 

2 

* 

• 

l_i 
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2 

L_i 



L_ 

5 



bt- 



► 32  : 

i 

The  antigen  used  was  Kenya  tick  typhus  antigen  Method  I ( 10 ). Dilutions  were  .-aade  in 
-aline  containing  2%  dextroge.  0.025  sil  serum  diluted  in  saline  was  added  to  each  well. 
Plates  were  incubated  at  37  C one  hour  and  the  chicken  RBC  conjugated  with  rabbit  anti- 
Inuia^i  tick  typhus  immunoglobulin  were  added.  Tiie  plates  were  then  allowed  to  stand 
at  room  temperature  until  read. 

Tne  inhibition  index  is  considered  or,  the  number  of  two  fold  aiiutions  in  which  a sig- 
nificant difference  in  nenagglutination  can  be  seen  between  the  serum  sind  the 

standard  normal  serum.  u;:ed. 

The  degree  of  hema»xlhtination  wan  graded  'as  to  b+  . 

Tliese  numbers  represent  brightness  of  fluorescent  rrauei  -i.'  to 
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Table  19 


FFEREHTIATION  OF  EPIDEMIC  a:<D  ENDEMIC  TYPHUS  AliTIGENS  BY  REVERSE 
PASS  I ’/E  HEMAGGLUTINATION 


1 

1 Antiijena 

— 

Conjui^ates 

, 

Anti -MS  ^ 

Anti-ET 

1 MT  Method  I ^ 

1 

♦ / ’ T ■ 

512 

16 

' Soluble 

2 

10214 

16 

' Aitie-en 

3 

256 

16 

, NTT  Somatic 

1 

6U 

16 

Antii-’en  ^ 

2 

512 

32 

1 

3 

6h 

16 

U 

10214 

32  1 

1 

ET  Method  I ^ 

1 

512 

256  1 

! Soluble 

2 

128 

IO2I4 

! 

Q 

V 

512 

256 

1 

h 

512 

256  j 

5 

512 

512  1 

j 

6 

256 

' ET  Somatic 

1 

6u 

32  ' 

1 Antiiren 

2 



102  U 

i 

512 

J 

G lutaral deny de"  fixed  chicken  R3C  con.Ju.-atoc:  .I’.h  nyper- 
i..ninur.ized  rabbit  anti-murine  typhus  immunorlobulin . 

llutaraldehyi'' -fixed  chicken  P.BC  conj'i’ated  vit':. 
imrniTiiied  rabbit  anti--'‘pi  demi  c typnur  i.cma*. . ,:1ol  : r:.' . 

.'iethod  I anticen  prepar"!  dejcribei  in  'l"''. 

Reciprocal  of  ;iii::heat  dilution  at  wnicr.  p.artia;  a.-- -iutin- 
atior.  could  be  observeii. 

Somatic  'iritirenc  prepared  fu-  de.'.crine  i in  (L'. 


I 
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Table  20 


DIFTERKNTIATION  OF  EPIDEMIC  A«D  ENDEMIC  TYPHUS  INFECTIONS  BY  REVERSE 
PASSIVE  HEMAGGLUTINATION  INHIBITION 


Soiree  of  Serum 

Type  of 

Infection 

Antigen  ^ 

MT  ^ 

ET  ^ 

juinea  pig  i 

MT 

16' 

Guinea  pig  2 

MT 

256 

32  ' 

Raibit  1 

MT 

32  1 

Guinea  pig  3 

ET 

6U 

Guinea  pig  U 

ET 

6U 

6i*  1 

Guinea  pig  5 

ET 

6U 

32 

! Guinea  pig  6 

ET 

6U 

61*  ' 

1 Raobit  2 

ET 

6i* 

32  I 

1 





1 

1.  The  antigens  used  in  this  test  were  somatic  antigens 
prepared  as  described  in  (1*). 

2.  MI' , ET  - Murine  ly^tuai  and  Epidemic  Typhus. 

3.  Reciprocal  of  the  highest  dilution  which  inhibited 
four  heaagglutinatlng  units  of  the  designated  anti- 
gen as  ineasured  against  its  corresponding  conjugate. 
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